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at Luteinizing Hormone-Releasing Hormone in Girls with
e- McCune-Albright Syndrome
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Et{— CAROL M. FOSTER, FLORENCE COMITE, ORA H. PESCOVITZ,
:ez JUDITH LEVINE ROSS, D. LYNN LORIAUX, anp GORDON B. CUTLER, Jr.
in Laboratory of Developmental Pharmacology (C.M.F.), and the Developmental Endocrinology Branch (F.C.,
T O.H.P.,J.LR. D.LL., G.B.C), National Institute of Child Health and Human Development, National
ry Institute of Child Health and Human Development, National Institutes of Health,
n Bethesda, Maryland 20205
ABSTRACT. Six girls with McCune-Albright syndrome were the normal prepubertal range. The sixth girl, who had gonado-
st treated for at least 2 months with the long-acting LHRH agonist tropin levels in the normal pubertal range before treatment, had
: p-Trp®-Pro’-NEt-LHRH, which previously was found to be an decreased serum gonadotropin and plasma estradiol levels during
effective treatment for true precocious puberty. Nocturnal and 1 yr of LHRH analog therapy. This was associated with cessation
LHRH-stimulated serum gonadotropin levels and plasma estra- ?f.lmenstiﬁs Ifﬁ(}i{ﬁegresTlon of se(clg)?dalx;y sexual changes. The
diol levels were measured before treatment and after 2-3 months p&:;blgiyc;n the five paar;?efxgs ?itll-?gri: p):ﬂ:eret a?gg:;‘;ﬂf;gggf;;ﬁ
ral of treatment. Five of the six girls had no decrease in serum concentrations is further evidence that the mechanism of pre-
10l gonadotropm or plasma estradiol levels during therapy, and their cocious puberty in most girls with McCune-Albright syndrome
pubertal signs were unaffected by treatment. All five of these differs from that in patients with true precocious puberty. (J
cal girls had serum gonadotropin levels that were within or below Clin Endocrinol Metab 59: 801, 1984)
led i
bhg
it ATIENTS with McCune-Albright syndrome have =~ McCune-Albright syndrome had variable responses of
an : precocious puberty, fibrous dysplasia of bone, and  serum gonadotropin and estradiol concentrations to
ry. café-au-lait skin pigmentation (1). Variant forms of  treatment with LHRH..
e McCune-Albright syndrome, where only two of the three
above findings are present, also have been recognized Materials and Methods
lic (2). The underlying mechanism of precocious puberty in
RO . . LHRH anal
SO_ girls with McCune-Albright syndrome has been attrib- ana‘og
33 uted to apparent autonomous ovarian function (preco- LHRH,, provided by Drs. Wylie Vale and Jean Rivier of the
roc (2-8) or to premature activation of the hypothalamic- and 19% man_mtol f14). The stgblhty of the 'compound a.t —20
M, pituitary-ovarian axis (true precocious puberty) (2, 9- g’ durmtg rff:ll"(;‘leg?tlon’ and during mild heating was previously
S, 1), emonstrate .
zgz ~ We previously reported the clinical and hormonal find- Subjects
nts ings in six girls with McCune-Albright syndrome (12). /
N In the current study, we attempted to treat the sexual The clinical and radiographic data that supported the diag-
o precocity in these children with a long-acting LHRH  nosis of McCune-Albright syndrome are summarized in Table
Ty agonist, D-Trpb-Pro®-NEt-LHRH (LHRH,), which has 1.‘Pat1ents 1 and 3 bad extensive lower limb bone d'eforrnities,
! been successfully used to suppress the elevated gonado- ‘;‘tth s‘tlbsequen,t h]elghcti loss }(llue to dﬁbm‘lls dysplasia of bone.
10} . . .
th tropin and sex steroid concentrations and to correct the b:ailgnailrjevs:la :;cota;m:r;l:o el:tu ion y aft:;ar dixclusxon l? f
rapid growth and bone age advancement in girls with fth’h d and ) I;l Snfls ly ¢ om;()iu:; ornograpuy
' idiopathic true precocious puberty (13-15). The girls with of the head and ultrasonography of pelvic and adrenal regions.
dal p p y : g The ovaries of all six patients were enlarged compared to those
317 Received March 28. 1984 of prepubertal girls, and the left ovary of patients 2 and 4
Address all corres;;ondence and requests for reprints to: Carol M. contained large cysts measuring 1-3 ¢m in dlarr{eter (12).
Foster, M.D., Building 10, Room 10B09, National Institutes of Health, ~ Plasma 17-hydroxyprogesterone and 11-deoxycortisol, mea-

Bethesda, Maryland 20205.

sured to exclude congenital adrenal hyperplasia, were normal.
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TaBLE 1. Clinical and radiographic data
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- Bone Ht Stages of Café-
Part);:)ent gg:; age puberty® Menses® au-lait l::ﬁ:;fsb
(yr) cm % Breast Pubic hair pigmentation®

1 45 78 107 60 m v + + +
2 5.1 8.8 128 >97 v I + + +
3 5.2 6 102 25 11 1I + + +
4 1.2 2 82 95 111 1 + — +
5 4.5 6.8 117 >97 v 1I + — +
6 8.9 13.5 152 >97 v 111 + — +

4 Stages of puberty according to Tanner (24). -

b+, Present; —, absent.

Serum Ty, free T, and TSH levels were normal. Results

Six normal 2- to 10-yr-old girls (mean age, 6.4 yr) with
Tanner stage I breast and pubic hair development were studied
to obtain normal prepubertal values for nocturnal gonadotropin
concentrations. LHRH-stimulated gonadotropin concentra-
tions were determined in four of the normal girls. Eight normal
12- to 15-yr-old girls with Tanner stage III-IV pubic hair and
breast development were studied to obtain normal pubertal
nocturnal and LHRH-stimulated gonadotropin concentrations.

Protocol

Patients were admitted to the Clinical Center of the NIH.
The protocol was approved by the Clinical Research Committee
of the NICHHD. Informed consent was obtained from a parent,
and assent was obtained from children above age 7 yr. Serum
gonadotropin concentrations were measured every 20 min from
1000-1400 h (daytime levels) and 2200-0200 h (nocturnal
levels). Plasma estradiol concentrations were measured at the
beginning and end of each period of gonadotropin sampling.
On day 2, a LHRH stimulation test was performed. LHRH
(100 pg) was injected iv at time zero, and serum gonadotropin
levels were measured at —30, —15, 0, 15, 30, 45, 60, 90, 120, and
180 min. After the initial studies, children were given daily sc
injections of LHRH, at a dose of 4 ug/kg-day for 8-12 weeks.
Eight weeks of LHRH, therapy was previously shown to sup-
press serum gonadotropin levels in girls with idiopathic preco-
cious puberty (13-15). After 8-12 weeks, the children were
readmitted to the Clinical Center, and the hormone measure-
ments described above were repeated.

Hormone assays

Serum LH, FSH, and estradiol were measured by modifica-
tions of previously described methods (16-19). The sensitivity
limits for these assays were 0.3 mIU/ml (Second International
Reference Preparation of human menopausal gonadotropin),
0.2 mIU/ml, and 20 pg/ml, respectively. Intraassay and inter-
assay coefficients of variation were 7% and 12% for LH, 5%
and 14% for FSH, and 8% and 16% for estradiol. Hormonal
measurements before and during treatment were performed in
separate assays for each patient.

Statistical analysis

All data are represented as the mean + SEM. Statistical
comparisons were made by Student’s ¢ test.

Effect of LHRH, on serum gonadotropin levels

The nocturnal serum gonadotropin levels before treat-
ment for patients 1-5 were significantly below the levels
in the normal prepubertal girls (P < 0.05 for LH; P <
0.01 for FSH; Fig. 1A). These levels did not decrease
during treatment with LHRH,. The peak serum gonad-
otropin response to LHRH treatment in patients 1-5
was within the normal prepubertal range for LH (Fig.
2A), but was significantly below normal for FSH (P <
0.01; Fig. 2C). The peak gonadotropin levels after LHRH
were not significantly suppressed during LHRH, ther-

A. W FSH  |B. LH FSH
| 1 T 1 r 1 T 1

{3 Prepubenal Controls
Pubertal Controls
McCune — Albright Syndrome

" Before LHRH,
10— McCune — Albright Syndrome
During LHRH,
E
=
2
[3
51—

FIG. 1. Nocturnal serum LH and FSH levels in normal girls and in .
girls with McCune-Albright syndrome. A, Patients 1-5, before and
during LHRA, administration (2-3 months of treatment), and prepu-
bertal controls. The nocturnal LH and FSH levels in each subject were
the means of 13 measurements obtained every 20 min from 2200-0200
h. The bars show the mean + SEM of the nocturnal LH and FSH levels
for the five patients and controls. B, Patient 6 and normal pubertal
controls. The error bars for patient 6 are the SEM for the 13 LH and
FSH levels from 2200-0200 h, *, P < 0.05; **, P < 0.001 (compared to
prepubertal controls). ***, P < 0.001 (compared to the pretreatment
level in patient 6). :
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F1G. 2. Gonadotropin concentrations in response to 100 ug LHRH
given iv at time zero. ®—®, Before therapy; O—O, during therapy for
8-12 weeks. - M, mean of values from four normal prepubertal girls;
A- -A, mean of values from seven pubertal girls. Shaded areas represent
the mean + SEM. A, Response of LH in patients 1-5. B, Response of
LH in patient 6. C, Response of FSH in patients 1-5. D, Response of
FSH in patient 6.

apy. LHRH, therapy in patient 6, however, who had
normal pubertal nocturnal gonadotropin levels and a
pubertal response to LHRH before treatment, sup-
pressed both nocturnal gonadotropins (P < 0.001 for LH
and FSH; Fig. 1B) and the peak gonadotropin response
o LHRH (Fig. 2, B and D).

Effect of LHRH, on plasma estradiol levels

Estradiol levels in patients 1-5 either remained un-
changed or rose during LHRH, therapy (Fig. 3). Despite
low gonadotropin levels during LHRH, treatment, cyclic
variation in plasma estradiol occurred in patient 4 (Table
2) and was described previously in patient 2 (20). Only
patient 6, who had basal and LHRH-stimulated gonad-
otropin levels within the normal pubertal range, had a
fall in plasma estradiol concentrations during treatment
with LHRH, (Fig. 3).

Effects of LHRH, on secondary sexual characteristics

Patients 2, 3, 4, and 6 were treated with LHRH,, for 1
yr. Secondary sexual characteristics failed to regress, and
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ESTRADIOL {pg/mi}

200 B

—5

LLLL L L
WEEK 0 WEEK 8-12

F1G6. 3. Plasma estradiol concentrations before therapy and 8-12 weeks
after initiation of LHRH, therapy. @- -@®, Patients 1-5; O- -O, patient
6. The hatched area represents th_e detection limit of the assay.

TABLE 2. Plasma’ estradiol and serum gonadotropin concentrations
during LHRH, treatment

Patient Week Treatment® Estradiol LH FSH

no. (pg/ml) (mIU/m!) (mIU/ml)
2b 0 None <20 1.4 £01° 3.0£04°

8 LHRH, 633 £24° 16+01 0401

16 None 64 +4 1401 02x04

28° LHRH. 31£3 16+03 02zx01

40 LHRH, <20 27+x01 11£04

52 LHRH, 279+12 2701 1101
62 LHRH, 558 3101 14002

4 0 None 133+22 1.0x03 02x0.1

8 LHRH, 5256+54 4704 0.7+02

26 LHRH, 135+ 9 47+£0.2 08x01

¢ Indicates the therapy administered from the time of the preceding
evaluation until after the completion of sampling.

® Data from this patient has been described previously (20).

* Mean + SEM.

TABLE 3. Secondary sexual characteristics after 1 yr of LHRH,
therapy

Stage of puberty®

Patient no. Breast Pubic hair Mense:
at 1 yr
Initial 1yr Initial 1yr
2 I I 11 I +
3 I II II 11 +
4 II I I 1 +
6 v I I 111 —

@ Stage of puberty according to Tanner (24).
b+, Present; —, absent.
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menses occurred intermittently in patients 2, 3, and 4
(Table 3). Patient 6, however, had regression of second-
ary sexual characteristics and cessation of menses.

Discussion

LHRH, has been used successfully to lower gonadotro-
pin and sex steroid levels and reverse secondary sexual
changes, rapid growth, and accelerated bone age advance-
ment in girls with idiopathic true precocious puberty
(13-15). Long-acting agonists of LHRH act at the level
of the pituitary in humans and decrease secretion of LH
and FSH (13-15, 20, 21). These long-acting analogs also
inhibit gonadal steroidogenesis in rat systems in vitro
(22, 23). LHRH, does not, however, suppress adrenal or
gonadal steroidogenesis in humans (20, 21).

The effect of LHRH, in patients with McCune-Al-
bright syndrome depended on the pretreatment gonado-
tropin levels. The five patients who had basal and
LHRH-stimulated gonadotropin levels within or below
the normal prepubertal range had no hormonal or clinical
improvement during LHRH, therapy. The sixth patient,
who had pubertal nocturnal gonadotropin levels and a
pubertal gonadotropin response to LHRH, had a favor-
able hormonal and clinical response to LHRH, similar
to that in girls with idiopathic precocious puberty (13-
15).

Two girls (patients 2 and 4) had cyclical increases in
estradiol while receiving LHRH,. This indicates that
although LHRH, may inhibit ovarian estrogen secretion
in rats, the inhibition is not sufficient to suppress ovarian
estrogen secretion in these girls with McCune-Albright
syndrome.

The underlying mechanism of puberty in patients with
McCune-Albright syndrome is unclear. The majority of
girls with McCune-Albright syndrome have precocious
pseudopuberty independent of pubertal activation of the
hypothalamic pituitary-ovarian axis (2-8, 12, 20). Five
of the six patients with McCune-Albright syndrome re-
ported in this study had nocturnal levels of serum go-
nadotropins that were below the levels in prepubertal
controls. LHRH, treatment caused no further suppres-
sion of these low gonadotropin levels. Patients 2, 3, and
4 were treated with LHRH, for 1 yr because of the
possibility that ovarian function might be responding to
intermittent gonadotropin stimulation that was not evi-
dent at the initial evaluation. Despite therapy, these
patients had elevations of plasma estradiol levels in the
absence of detectable changes in serum gonadotropins.
The failure of these girls with McCune-Albright syn-
drome to respond to LHRH, therapy provides further
evidence that the mechanism of the precocious puberty
in most patients with the McCune-Albright syndrome
differs from that in patients with true precocious puberty.

JCE& Mo1984.
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The one girl with McCune-Albright syndrome (patient
6) who had evidence of true puberty, with pulsatile
nocturnal gonadotropin secretion and a LH-predominant
response to LHRH, had an excellent clinical response to
LHRH.. Thus, a trial of LHRH, therapy in such patientg
appears warranted. If girls with McCune-Albright syn.
drome have prepubertal or suppressed gonadotropin con.
centrations and a FSH-predominant response to stimu.
lation with LHRH, treatment with LHRH, is unlikely
to be of benefit.
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